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Tile effects of thinning on growth and survival of white pine (Pinus strobus L.), white ash (Fraxinus americana L.), and red oak (Quer-
cus rubra L.), and understory plant diversity were examined in a young red pine (Pinus resinosa Ait.) plantation. Five years after thin-
ning, seedling diameter, height, and stein volume were positively con'elated with thinning intensity and the size of canopy openings.
Percent survival did not differ among thinning treatments, but was significantly higher in white ash and white pine than red oak. Under-
story vegetation included 113 species, with species richness increasing with thinning intensity and proximity to neighbouring plant com-
munities. Thinning to create relatively large canopy openings in combination with underplanting can promote the natural succession
of young pine plantations to native forest species.
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Les effets de l'6claircie sur la croissance et la survie du pin blanc (Pinus strobus L.), du franc d'Amgrique (Fraxinus americana L.)
et du chine rouge (Quereus rubra L.) et sur la diversit6 des plantes en sous-4tage out 6t46tudits dans une jeune plantation de pin rouge
(Pinus resinosa Ait.). Cinq annges apr_s i'6claircie, le diam_tre, la hauteur et le volume de la tige des semis out gt6 corrtlgs positivernent
avec l'intensit6 de l'6claircie et la taille des ouvertures dans le couvert des cimes. Le pourcentage de survie n'a pas diff6rg selon les
traiternents d'4claircie, mais il 6tait significativernent plus 61ev6 pour le franc d'Amgfique et le pin blanc que pour le chine rouge. La
vgg4tation en sous-gtage cornprenait 113 esp_ces, et la diversit6 des esp_ces augmentait selon l'intensit6 d'tclaircie et la proxirnit6
de cornmunaut6s de plantes avoisinantes. Une 6.clairciergalisge duns le but de crger d'importantes ouvertures duns le couvert en associa-
tion avec un regarnissage peut prornouvoir la succession naturelle des plantations de jeunes pins vers des esp_ces foresti_res
indig_nes.

Mots.el_s: ensemencement direct, diversit6 des plantes, rtgtn6ration naturelle, chine rouge, rdhabilitation, fr_ne d'Amtrique, pin blanc

Introduction forests for agriculture (Borczon 1986). By the late 1800s,

Prior to European settlement, most of south-central Ontario much of the native lbrests of this region were eliminated or rood-
was dominated by forest vegetation. The mesic sites were ified by the new European land use practices.
occupied by the tolerant hardwood species of the Great Lakes A large proportion of the forest land brought into cultivation
- St. Lawrence Forest Region (Rowe 1972), dominated by sugar was unsuitable for growing agricuitural crops, particularly
maple (Acer saccharum Marsh), red maple (Acer rubrum L.), the coarse-textured soils of the original pine forests. Removal
basswood (TiUa americana L.), American beech (Fagus gran- of the protective forest cover and the prevailing agricultural prac-
difolia Ehrh.), yellow birch (Betula aUeghaniensis Britt.), tices often resulted in massive soil erosion, and increased fre-
and eastern hemlock (Tsuga canadensis (L.) Cart.) (Delcourt quency and severity of spring flooding and summer drought.
and Delcourt 2000). On the drier sites of this region, eastern These poor farmlands were ultimately abandoned to further ere-

white pine (Pinus strobus L.) and red oak (Quercus rubra L.) sion by wind and water, leading to the development of vast areas
increased in frequency, with areas of coarse-textured soils of desert-like wasteland. Commonly, wind action lifted the light

supporting white, red (Pinus resinosa Ait.) and jack (P. sands forming large "blow pits," depositing the sands in banks
banksiana L.) pine forests (Whitney 1986, Delcoart and Del- downwind. In severe cases, the pits and banks of blow sand aleas
court 2000). Settlement of southern Ontario in the early to mid- covered 30 ha or more (Borezon 1986).
1800s initiated the widespread logging of pine and clearing of At the turn of the century, recognition of the extent and impact

of this problem resulted in a series of legislative efforts to encour-
age reforestation of these degraded forest lands to both control

JOntario Ministry of Natural Resources, Ontario Forest Research Institute, erosion and protect watersheds (Borczon 1986). Red pine
1235 Queen St. E., Sault Ste. Marie, ON P6A 2E5. Email: wasoftenfavouredforplantingbecauseofitsabilitytogrow
bill.parker@mnr.gov.on.ca on the infertile, sandy soils. Today, these plantations are an impor-

2Ontario Ministry of Natural Resources, South Central Science Section, tant component of southern Ontario's woodlands. They pro-659 Exeter Rd, London, ON N6E IL3.
3Current Address: U.S. For. Serv. North Central Research Station, 202 vide a variety of ecological and social benefits to this mainly
Anhueser-Busch Natural Resources Building, University of Missouri, urban environment, where little of the original forest remains
Columbia, Me 65211,USA. and forests have been fragmented by development.
40ntafio MinistryofNatural Resouives,ForestManagementBranch,511afloor, The structure and composition of these plantations differ with
North tower, 300Water St., Peterborough,ON K9J 8M5.
5CurrentAddress:AlgornaUniversity Co]lege,1520Queen St.E., Sault Ste. stand age and history of natural disturbance and manage-
Marie, ON P6A 2G4. merit. In older pine plantations, thinning and natural disturbances
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that opened the canopy encouraged thedevelopment of ,anunder- ha-l). Double (2R) row thinning removed the first two of
story of native hardwood and conifer species. Younger plan- every five rows and reduced basal area by about 40% (-33 m2
tations with no overstory disturbance history are largely devoid ha-t). All row thinning was applied in a north-south direction.
of understory vegetation, and are viewed by some as "biological A selection (SLT) treatment reduced basal area by about 44%
deserts" (Mosquin et al. 1995). (-31 m2 ha- I), bycombining single row thinning with removal

There is currently great interest in managing the succession of 25% of the trees in the three adjacent rows. The final treat-
of conifer plantations to accelerate their conversion to more nat- meat (G 1) was designed to better simulate natural canopy
ural forest types. The suite of silvicultural treatments needed disturbances. Small, circular canopy gaps, 7 m in diameter or
largely depends onthe presence and abundance of advance i_egen- approximately half the average height of the ovel_tory trees (Hibbs
eration of the desired species. In 1993, the Ontario Ministry of 1982a), were created in plots that also received the SLT
Natural Resources in cooperation with the Regional Munici- ti_atment. This treatment reduced basal area by about 46%
pality of Durham developed a research project to identify (-30 m2 h_l).
methods for managing the natural succession of older, previ- A second smaller area (0A ha) about 40 in to the west of the
ously disturbed, and younger, undisturbed, conifer plauta- main block was later added to the study to more closely exam-
tions. In this report, we present the results of a study of the ine the effect of planting location on seedling growth (Fig. 1).
influence of five thianing treatments on: (1) growth and sur- This area was divided into four, 30-m x 32-m plots. These plots
vival of underplanted white pine, red oak, and while ash, and were thinned using the G 1 method, but seedlings were plant-
(2) abundance and diversity of naturally regenerated, under- ed only within the circular understory opening, hereafter
story vegetation in a young, 32-year-old red pine plantation, referred to as the G2 treatment.

All thinning was completed in August 1994 using a feller-
Materials and Methods processor and a wheeled forwarder. The feller-processor con-
Study Site sistad of a small, tracked excavator fitted with a cutter head and

This study was established in the Norton Tract of the delimber on a jointed boom. The operator harvested and pro-
Durham Regional Forest (43°55'N, 79° 10'W). The site is flat cessed logs along a travel corridor created by the row thinning.
to gently rolling and is located on the Oak Ridges Moraine "along The length of the cutter arm allowed the extraction of tlv.es up
the divide between the Lake Simcoe MadLake Ontario water- to 4 m (i.e., 2 rows) away from the cleared rows. Trees were
sheds.The study area is a 3.2-ha red pine plantation located with- cut, delimbed, cut to ~2.4-m lengths, and stacked in small piles
in a larger 20.3-ha block of pine (white, red, jack, and Scots pine (< 10 logs) along the edge of the removed rows. Cut logs were
(Pinus _ylvestris L.)) plantations. The study plantation was estab- loaded on the back of the forwarder and removed fromthe study
lished in 1962, with red pine planted at 1.8-m × 1.8-m spac- plots using the same travel con'idom as the feller-processor. Log-
ing. Thereafter, the plantation received no further treatment, ging damage to residual trees was negligible. Disturbance of
In 1993, the overstory was pure red pine with average stand basal the forest floor was largely confined to the path shared by the
area, height, and diameter (at 1.3m) of 54.7 m2 ha-1, 14 m, and two machines.
17 cm, respectively. Very little understory vegetation existed The study area is surrounded by a number of potential
and the forest floor consisted largely of a 5-10 cm litter layer sources of propagules for understory colonization and natural
of pine needles. Soils are of the Pontypool Sands soil series, regeneration (Fig. 1). These areas include white, Scots, red, and
with loamy fine sand soils that have a moderately fresh tools- jack pine platrtations differing in age and understory development.
tare regime with rapid drainage. The A horizon (upper 25 cm) Mature trees in a fence row, and an old field with scatte_:l Scots
is a plow layer (Ap), overlying a 50-cm Bm horizon. Carbonates pine and several hardwood tree species occur along the south-
are present beyond 70 cm. em boundary of the plantation. A residential area and small,

open woodland occur to the north of the_ pine plantations. Tol-
Experimental Design and Overstory Treatment erant hardwood stands 700 m to the west and I km to the south-

Description east of the plantation may provide a more distant source of seed.
The main studyarea (120 m × 160m; 79 planted (north-south)

rows) was divided into 20, 30-m x 32-m plots (Fig. 1). Each Artificial Regeneration
of these plots was further subdivided in half along an east-west In April 1995, all 24 plots were planted with 2+0 bamroot
line. Following thinning treatments, the southern half of each white ash, white pine, and red oak seedlings, and direct seed-
plot (15 m × 32 m) was planted with single, east-westrows of ed with red oak acorns. These species are common to the
white pine, red oak, and white ash. The northern subplot was original forests of the region, adapted to the site, and intermediate
left untreated to monitor the ingress of woody and herba- in shade tolerance. Seedlings were obtained from St. Williams
ceous vegetation. Nursery (St. Williams, ON). Red oak acorns obtained from a

Red pine plantations in the Lake States and Ontariohave most 1994 bulk collection from a local seed source were cleaned of
commonly been by thinned by row and individual tree seinc- damaged seed, and stratified for 46 days at 2°C. Viability tests
tion (Horton and Bedel11960, Lundgren 1981). In this study, indicated germinability of about 90%.Four east-west planting
we used row thinning, selection thinning, and creation of rows were established in the southern half of the 20 plots in the
small canopy gaps to obtain a range in the intensity and spa- main study area,with 3-m spacing between rows. A single species
tial distribution of canopy disturbance. Plots in the main study was planted in each row, with 1.2-m spacing between plant-
area were randomly assigned one of five treatments, including ing spots. From north to south, the first three rows were
an uncut control (CN), with each treatment replicated four times, alwaysplanted with wtfitepine, red oak, anti white ash. The fourth
Single (1R) row thinning removed the first of every four rows row was seeded with red oak acorns at the same 1.2-m spao-
and decreased basal area by 25% (residual basal area _41 m2 ing, with five acorns planted to a depth of 2-3 cm in a 10-cm
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Fig. 1. Thinning treatment location and description of vegetation neighbouring the 32-year-old red pine study plantation, Shading in indi-
vidual plots refers to the unplanted area. Adjacent pine plantationsare identified by species (red (Pr), white (Pw),jack (Pj), and Scots (Ps))
andage. Plantation understory composition of major woody species is noted in parentheses. Species are listed inorder of abundance. Open
woodland,old field,fence row, and understorytree speciescodes:white ash(Aw),basswood (Bd),American beech(Be),beaked hazel, (Cory-
lus cornum Marsh) (Bh), black cherry (Prunus serotina Ehrh.) (Cb), choke cherry (Prunus virginiana L.) (Cc), red oak (Or), sugar maple
(Mh), red maple (Ms), Populus sp. (Po).

x 15-cmplanting spot. The four G2 plots were planted only with- rence by species was estimated as the proportion of the 16, 100-
in the circular canopy openings. Five seedlings per species and m2 plots per treatment that had at least one individual present.
five groups of four acorns were randomly planted within this Each plant species identified in the 96 plots was assigned a layer
opening, code: (1) dominant tree (>10 m), (2) subdominant tree (<10 m),

Height and diameter (2 cm above ground) of underplanted (3) woody vegetation (trees, shrubs, vines), 2.0-10.0 m,
seedlings were measured shortly after planting to provide 0.5-2.0 m, or < 0.5 m in height, (4) herbs, grasses, and sedges,
baseline data for future growth comparisons. Height, diame- and (5) cryptogams (ptefidophytes, bryophytes, lichens). The
ter, and survival of underplanted seedlings were measured at species rarity ranking, species nomenclature, and exotic sta-
the end of each growing season from 1995-1999. The number tus follow the Ontario Plant List (Newmaster et al. 1998). For
of oak seedlings, the height and diameter of the largest se_ling, comparative purposes, understory vegetation was also surveyed
and survival were determined for each acorn planting spot. in four locations within a nearby 70-year-old conifer planta-

The relative increase in seedling stem sizesince time of plant- tion. Altemate rows of white and red pine were planted in 1929,

ing was estimated by the ratio of incremental change in height, and the plantation thinned at 32, 42, and 55 years. In 1993, the
diameter, or volume since the first measurement date to the total plantation had an average basal area °f 31 m2 hal and height
measured in 1999 (year 5). Relative height growth rate was of 28 m, with abundant advance reproduction of woody
integrated over the entire five-year, post-treatment period, species.
Relative diameter and volume growth were integrated over a Species richness (Fisher et aL 1942,McIntosh 1967, Peet 1974)
four-year period since diameter was not measured on seeded was used as a measure of plant diversity. Mean species rich-
red oak until the second year after planting, hess (i.e., the mean number of species present) was calculat-

ed for each thinning treatment, plots grouped by the number

Understory vegetation and plant diversity (0,1,2-3) of plot borders, "edges," adjacent to plant commu-
A comprehensive botanical surveyof allunderstory plantspecies nitiesneighbouring the study area, and for functional plantgroups:

was conducted in August 1999, five years after thinning_ woody, herbaceous (herbs, grasses, sedges); and cryptogams.
Four, 10-m × 10-m plots were located in each of the 24 treat-
ment plots (two in the north (unplanted), two in the south (plant- Overstory characteristics
ed) subplot). Percent cover (i.e., abundance) was estimated for In fall 1996, a LAI-2000 plant canopy analyzer (LiCor, Inc.,
each species relative to the / 00-m 2 plot. Frequency of occur- Lincoln, NE, USA) was used to estimate leaf area index (LAI)
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Table l. Thinning intensity, estimated size and number of canopy openings, and plot-averaged values for mean (-+l SE) leaf area index (LAD,
percent crown closure, and percent PPFD in the understory for six thinning treatments!

Thinning Average number and Crown DailyPPFD
Treatment intensity (%) opening area (m2) LAI closure (%) (% fullsunlight)

Control (CN) 0 0 3.14 (0.09) 93.2 (0.5) 6.7 (0_2)
1 row (IR) 25 5, 108 2.31 (0.19) 85.4 (2.2) 13.3 (0.6)
2 row (2R) 40 4, 162 [.67 (0.27) 75.2 (5.2) 17.7(0.9)
Selection (SLT) 44 5, 108 2.07 (0.15) 81.8 (1.6) 16.1 (0.7)

48, 2.5
Gap (GI) 46 1,38.5 1.69(0.14) 75.5 (3.2) 16.8 (0.9)

65,2.5
Gap (G2) 46 l, 38.5 1.71(0.25) 71.3 (5.7) 33.5 (1.9)

65,2.5

IEstimatesof averagecanopyopening sizeand number assume2-m x 2-m spacing,fully stockedc onditious,and roughly circularcrownsof overstoryred pine
that did not overlap at time of thinning. Canopy openings tbr IR and 2R thinnings are rectangular, G I and G2 are circular, and those fur St.T are a combina-
tion of both.

and percent crown closure of each treatment plot. Eleven Results
instantaneous measurements at 1m above the ground, collected The closed canopy of the unthinned, CN plots had an aver-
along a systematic transect through each of the 24 plots, were age LAI of 3.14, 93.2% crown closure, and daily understory
used to estimate plot-averaged treatment values. All mea- PPFD of about 7% of full sunlight (Table 1). The four thinning

surements were made on a completely overcast day. ALI- 190s treatments created canopy openings of different number and
quantum sensor attached to the canopy analyzer was used to size, reduced plot-averaged estimates of LAI and percent
measure photosynthetic photon flux density (PPFD: light crown closure, and increased understory light levels (Table 1).
intensity between 400-700 nm). Periodic above canopy PPFD The highest plot-averaged value of daily PPFD was -18% in
measurements were made in an adjacent opening. Mean daily the 2R treatment, but daily PPFD within canopy gaps of the G2
percent PPFD in the understory was estimated as the ratio of plots averaged 34%. A significant correlation existed between

below to above canopy PPFD (Messier and Puttonen 1995). All thinning intensity and LAI (r = _).93, p -< 0.008), percent crown
PPFD measurements in the main treatment area were col- closure (r = -0.86, p _< 0.03), and daily PPFD (r = 0.99,
letted at the same time and position as canopy measurements p _<0.0001 ).
(n= 11). In the G2 plots, PPFD was measured only within the

canopy gap (n= 11 ). Artificial regeneration
Reduction in overstory basal urea in the main study urea had

Statistical analysis a significant, positive effect (p _<0.05) on seedling stem diam-
The GLM procedure of SAS (SAS Institute Inc. 1989) was eter, height, and volume, but not until the third growing sea-

used for analysis of variance (ANOVA) of treatment effects son after thinning. Five years after planting, seedlings were

on growth and survival of artificial regeneration within the nmin generally larger in the 2R and G1 treatments and smaller in the
study area. The following mixed general linear model was used, CN and SLT treatments (Table 2). Thinning also had a strong

effect on relative diameter (p _<0.03), height (p _<0.04), and vol-

Uijk= Ti + P(i)j + 8k + TSik + PS(i)jk + E(ijk)l ume (p -<0.08) growth rates, with seedlings in the 2R, 1R, and
G1 treatments exhibiting a proportionally larger increase in size

with thinning (T) and specie_seedling type (S) as fixed factors, than those in the unthinned, CN plots (Table 2). By compar-
and plot (P) identified as a random factor. A Tukey-Kramer test ison, seedlings growing within canopy gaps in the G2 plots were
was used for mean comparisons. Variance in percent sur- much larger and exhibited higher relative growth rates.

viva[ data was stabilized using an arcsine square root trans- Seedling stem size differed significantly (p _<0.05) among
formation. Because the G2 plots were established outside the species in all five growing seasons. Initially; species variation
main study area, and were underplanted with fewer seedlings in stem size was largely due to the smaller size of direct seed-
per species, this treatment was not included in the ANOVA. ed red oak germinants relative to nursery stock. By year five,
Instead, treatment means and standard errors (SE) were used seedling diameter, height, and volume were generally larger
for comparison of G2 with the other thinning treatments, for ash and pine than both types of oak seedlings (Table 2). Stem

Non-parametric statistics and a Kruskal-Wallis test were used relative growth rates also differed among species in all five grow-
for analysis of understory species richness because of non-homo- ing seasons (p < 0.01 ), and tended to be lower in ash and oak

geneity of variance (Lavene statistic, p _<0.05). The relation- planting stock than in pine and the direct seeded oak (Table 2).
ship between thinning intensity (i.e., percent basal urea reduc- The general similarity in comparative growth response to
tion) and mean LAI, percent crown closure, and understory PPFD thinning intensity among species is illustrated in Fig. 2.
was examined using Pearson product-moment correlation Seedling survival ranged from 76 to 95% among thinning treat-
coefficients. For the G2 treatment, basal urea reduction was set ments in the first growing season after planting and declined
to 46% for correlation analysis with plot-averaged LAI and per- slightly by year five (Table 3). Stem dieback followed by
cent crown cover. A basal area reduction of 100% was used for sprouting from the root collar occurred in 5.3% of the oak and

correlation analysis with daily understory PPFD, since PPFD 1.4% of the ash seedlings in the year of planting. ,Seedling sur-
was measured only within the canopy gaps in these plots, rival was not influenced by thinning but differed (p < 0.0001)
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Table 21Mean (-+1SE) forseveral stem growth parameters for data pooled for thinning treatment (a) and species (b). Meansfollowed by the same
letter are not significantly different (p -<0.05). Tile G2 treatment was not included in ANOVA and mean comparison tests

Seedling stein size (5 yr) Stem relative growth rate

Height (cm) Diameter (ram) Volume (cm3) Height (5 yr) Diameter (4 yr) Volume (4 yr)

a) Thinning
CN 38.9(1.7)b 5.7(0.2)b 6.9(1.4)b 0.38(0.02)c 0.12(0.01)c 0.22(0.01)a
1R 54.8(I .6)ab 7.5(0.2)b 12.2(1.0)b 0.55(0.02)ab 0.28(0.01)ab 0.38(0.01)a
2R 72.3(2.4)a 10.0(0.3)a 32.0(3.1 )" 0.65(0.02)_ 0.40(0.02)a 0.48(0.02)a
SLT 47. [(1.4)b 6.6(0.2)b 7.9(0.6)b 0.46(0.03)be 0.23(0.01)be 0.32(0.02)_
GI 55.7(1.6)ab 8.0(0.2)ab 13.5(1.0)b 0.56(0.02)ab 0.32(0.01)ab 0.39(0.02)a
G2 97.9(5.3) 12.6(0.5) 56.9(6.8) 0.71(0.03) 0.48(0.02) 0.56(0.02)
(b) Species
White ash 57.0(l.8) a 7.8(0.2)ab 19.3(2.0)a 0.31(0.02)c 0.23(0.01)b 0.27(0.02)b
White pine 62.7(1.2)a 8.7(0.2)a 17.1(1.0)ah 0.71(0.01)a 0.32(0.01)a 0.44(0.01)a
Red oak (p)* 45.8( 1.4)b 6.9(0.1)b 9.0(0.7)ab 0.54(0.02)_ 0.25 (0.01)ab 0.36(0.02)ab
Red oak (s)* 38.9(2.1)b 5.3(2.1)c 5.2(0.8)b 0.66(0.02)ab 0.36(0.02)a 0.45(0.02)a

*Planted (p) and seeded (s) red oak.

Fig, 2. Mean (-+ 1 SE)
I I Whiteash diameter (a), height (b),

relative stem volume
_17-73Whitepine 120
I Redoak(p) growth rate (e), and

RedoaR(s) percent survival (d) of
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60 into planted (p) and
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among species in years one and five and was ranked as follows: White pine seedlings planted in the northern-most row in
ash = pine > planted oak >> seeded oak (Table 2). Fifth year each plot were exposed to relatively high light levels in the canopy
survival of ash was uniformly high (>95%) for all treatments, opening of G1 plots, and were larger than ash and oak seedlings
while survival of pine and planted oak seedlings was enhanced (Fig. 2, 3). The size of pine seedlings declined to the east and

by heavier thinning (Fig. 2). With the exception of the G2 treat- west of plot centre as planting rows passed into the more
merit, only about 30% of the acorn planting spots produced at shaded conditions of the selectively thinned portion of the plot
least one seedling the first growing season, as compared with (Fig. 3). By comparison, white ash seedlings planted in the thNl
about 90% survival for the plantext oak (Fig. 2). Thereafter, sur- row were not exposed m the gap environment, and were sim-

vival of oak germinants was higher than that of planted oak. ilar in size to ash in the SLT treatment (Fig. 3). All three species
Seedling growth response was also influenced by understory exhibited best growth when planted beneath the canopy gaps

location relative to canopy gaps in the G 1and G2 treatments, in the G2 plots.
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Table 3. Results of aTukey-Kramer nudtiple comparison test of mean sity (Fig. 4a). The response of species richness to thinning dif-
differences in percent survival one and five years after planting. Means l'et_l mnnng functional pkmt groups (Fig. 4b). Richness of woody
(± I SE) are presented lbr data pooled for (a) thinning and (h) species, species was higher in the gap thinning treatments and herba-
Means lacking superscripts or sharing the same superscript are not ceons species exhibited a trend toward increased richness
significantly different (p -<0.05). Data from the G2 thinning treatment with heavier thinning. In consist, species richness of cryptogamswere not included in ANOVA for thinningeffects or in means by species

was reduced by thinning (Fig. 4b). The number of plot edges
Survival(%) bordering other vegetation types had a positive, significant

Year I Year 5 (p < 0.001) efiect on floral diversity. Species richness averaged
(a) Thinning 14 -+6, 25 -+ 4, and 48 _+7 in plots with 0, 1, and 2-3 exposed
CN 79.4 (7.8) 63.6 (7.7) edges, respectively. Mean species richness of the older plan-
IR 82.3 (7.5) 77.5 (7.4)

2R 77.9 (7.5) 73.0 (7.4) tation was significantly higher than all but the G2 treatment of
SLT 76.3 (9.2) 69.2 (8.6) the younger plantation and also had a much higher richness of
G1 82.7 (7.5) 75.2 (6.7) cryptogams (Fig. 4).
G2 95.4 (2.1) 92.9 (3.0) Natural regeneration of woody species was represented by
(b)Species 14 tree and 14 shrub species, but percent cover (total and forWhite ash 99.4 (0.4)a 96.1 (0.8)a
White pine 100(0.0)a 89.2 (2. l/a individual species) was uniformly low (< 1-2 %) for all treat-
Red oak (p) 90.2 (2.0)u 74.8 (4.2)b ments (Appendix 1). The most common woody species were
Red oak (s) 29.2 (3.7)c 26.7 (3.lF red pine and two exotic shrub species, Rhamnus cathartica L.

and Rubus idaeus L. The ingress and development of natural

regeneration of woody species has proceeded slowly, with lower

Understory vegetation abundance and richness observed in the larger size classes (Fig. 5).
The understory vegetation survey identified 113 plant A slightly larger number of woody species was present in the

species in the young pine plantation (Table 4), but total percent older plantation, with richness and percent cover being much
cover was low (Appendix 1). More total species were present higher than the young plantation for all three height classes
in the CN plots than any other thinning treatment, 22 of which (Table 4, Fig. 5).
only occurred in these undisturbed plots (Table 4). Aboot
22% of the total species present in the study area were exot- Discussion
ic, with the percentage of non-native species ranging from 24-32% Forest canopies have a substantial influence on the under-
among thinning treatments. By comparison, the understory veg- story environment, buffering temperature changes, reducing fight
etation in the older, previously disturbed plantation was more intensity, changing the spectral quality of solar radiation, and
diverse and abundant, and included Heuchera americana L. and intercepting a significant proportion of precipitation (Ander-
Polytrichumformusum Hedw., species listed as very rare and son et al. 1969, Aussenac 2000). The growth and abundance
uncommon to Ontario, respectively (Table 4, Appendix 1). Exot- of understory vegetation beneath intact forest canopies are strong-
ic species, predominantly herbaceous, were also common in ly limited by heavy shade, reduced precipitation inputs, and root
the older plantation. Of the 167 plant species identified at both competition for moisture with overstory trees (Anderson et al.
plantations, 26 were unique to the young plantation, while 56 1969, Canham et al. 1990, Bazzaz and Wayne 1994). Increased
occurred only in the older plantation, light, soil moisture, and nutrient availability and creation of

Thinning had a significant effect (p < 0.01 ) on plant diver- microsites for colonization associated with canopy distur-
sity, with species richness increasing at higher thinning inten- bance promote understory succession, dependent on the inten-

Fig. 3. Relationship of stem volume of white ash (cir-
120 cles) and white pine (triangles) seedlings with posi-

tion along a planting row in plots thinned with the
• GI (solid symbols) and SLT (open symbols) treat-

100 ments. The approximate location and diameter of the
canopy gap of the G1 plot relative to the planting

80 • row is noted. Planting rows were oriented in an east-

._ west direction.
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Table 4. Sunnnary of the understory vegetation survey tbr tile study area and neighbouring, older red pine plantation (CN2). The number of unique,
exotic, and total species ti_r three plant functional groups are presented by thinning treatment and plantation. Unique refers to species that only occur
in plots of a given thinning treatment or a given plantation

Thinning treatment Plantation

Species group Class CN IR SLT 2R GI G2 Study area CN2

Woody Unique 6 0 0 0 0 0 5 1I
Exotic 3 3 3 2 3 3 3 3
Total 27 19 14 12 17 17 28 34

Herbaceous Unique 6 0 3 0 0 l) 18 3 l
Exotic 22 15 14 i I 19 19 25 24
Total 39 35 30 25 38 38 51 63

Cryptogams Unique 10 0 0 2 0 0 3 10
Exotic 0 0 0 0 0 0 0 0
Total 28 20 10 18 21 2/ 34 43

All species Unique 22 0 3 2 0 0 26 52
Exotic 25 18 17 13 22 22 28 27
Total 94 74 54 55 78 76 113 140

Fig. 4. Mean (-+ 1 SE) species richness for understory

1- ] vegetation (a) and plant i'unctional groups (b) five years

/ (a) ] after thinning. The 70-year-old plantation is identi-a fled as CN2. Vertical bars in (a) sharing the same

_'" letter are not significantly different based on a

Kruskal-Wallis test (p < 0.05).
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be be

'_ 30 c

20 d

10

0
[_Z:] Herbaceous Thinning
N Co/ptogams

i

J
CN "iN 2R SLT G1 G2 CN2

Thinning treatment

sity of disturbance (Connell 1989, Bazzaz and Wayne 1994, but understory light levels were much lower than the 40% sun-

Coates and Burton 1997). light needed for maximum shoot growth of the planted species

Thinning increased plot-averaged daily PPFD from -7 to 18% (Sander 1990, Schlesinger 1990, Wendel and Smith 1990). Only

sunlight and improved the growth of underplanted seedlings, within the canopy gaps of the G1 and G2 treatments where daily
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Fig. 5. Mean (-+ 1 SE) species richness (a) and
60 _-- abundance (b) for woody vegetation of three height

(a) classes. The 70-year-old plantation is identified as
P I2 - 10 m CN2.
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PPFD was as high as 34%, or perhaps in localized microsites Only slight growth differences were observed between
of other treatments, did thinning result in light levels high enough direct seeded and planted oak. However, oak regeneration
to support vigorous shoot growth. For example, seedling by seeding was substantially decreased by predation of acorns
diameter and height were about 50% larger and volume four and young germinants. Partially consumed acorns and shell flag-

times larger in the 2R than the SLT treatment despite compa- ments were observed near many of the seeding spots at the end
rable residual basal areas (Fig. 2). This is likely because light of the first growing season, suggesting small mammals were
availability increased more in the larger canopy openings of the the primary source of this mortality. Better initial survival of
2R treatment (Canham et al. 1990, Bazzaz and Wayne 1994), seeded oak in the understory openings of the G2 plots is like-
and in the area immediately surrounding the gap (i.e., the ly attributable to a more favourable environment for germination

"extended gap") (Canham et al. 1990, Tryon et al. 1992). and early growth (Ashton and Larson 1996). Lack of protec-
Averaged over all thinning treatments, the growth potential tive overstory cover and higher exposure to predators in these

of underplanted white pine was somewhat higher than for openings may also have deterred herbivory (Webb and Will-
white ash and red oak seedlings. Although white ash seedlings son 1985, Wright et al. 1998).
can survive in heavily shaded forest understory, shoot growth

is greatly reduced (Schlesinger 1990). Red oak seedlings Understory vegetation
growing in resource-limited environments have an inherent- Thinning of conifer stands, including red pine, is often
lyslow shoot growth habit associated with the preferential allo- associated with increased diversity and abundance of
cation of carbohydrate to root systems (Dey and Parker 1996). understory flora (Dickmann et al. 1987, Bender et aL 1997,
The higher relative shoot growth performance of pine was also Thomas et aL 1999, ThyseU and Carey 2(100). In our study, trader-
related to more frequent shoot dieback in lhe two hardwood species, story species tlchiress was positively related to thinning inten-

As many as 8% of the ash and oak seedlings exhibited partial sity and proximity to sources of seed, spores, etc., but frequency
stem dieback each year, but this occurred in <2% of the pine. and abundance were low. Unfortunately, many of the 113

728 JUILLET/AOOT 200 l, VOL 77, NO. 4, THE FORESTRY CHRONICLE



species found in the understory were exotic (25%) and/or are quite sensitive to drier, more exposed environments (New-
invasive species common to the urban and agricultural land- master et al. 1998, Andersson and Hytteborn 1991), and
scapes of southern Ontario. These competitive species may decrease in abundance after relatively heavy thinning (Dick-
displace or reduce popalations of nativespecies and significantly mann et aL 1987, Alaback and Hemlann 1988). The older study
impede the conversion of conifer plantations to more natural plantation also had comparatively high cryptogam species
forest conditions (Hobbs and Huenneke 1992, Bell and richness, a oommon feature of later successional forest stands
Newmaster 1998). (S6derstr6m 1988, Lesica et aL 1991; Newmaster et aL 1999).

Thinning effects on understory species richness, percent cover, The greater microhabitat heterogeneity and moderate, humid
and frequency were attributable to harvesting disturbance of understory microclimate of older stands are thought to favour
the forest floor, propagule availability, and, to a lesser extent, the establishment of cryptogam species with slow growth, lira-
improved microenvironment for germination and establishment, iteddispe_al, and specialized substrate and microenvironmentul
Disturbance of thepine needle litter layer and exposure of rain- needs (Pike et al. 1975, Rambo and Muir 1998).
eral soil by logging activities was confined to small, localized
areas. The availability of this substrate, the preferred seedbed Conclusions and Management
of early and mid-suecessional tree species, was short-lived, being Recommendations
re-covered with litter within two or three years of thinning. The Red pine plantations are well suited to even-aged, intensive
increased richness of woody and herbaceous species observed forest management. Thinning of red piue plantations is
at higher thinning intensities was probably due in part to commonly used to increasediameter and volume growth of select-
greater disturbance to the forest floor in the more heavily ed crop trees, avoid mortality, and shorten the technical rota-
thinned plots. Localized increases in light, temperature, and pre- tion (Lundgren 1981, Woods and Penner 2000). Future volume
cipitation beneath canopy openings may have encouraged yields depend on the residual density, thinning method,
germination and establishinent on these substrates (Anderson thinninginterval, andage at which the firstthinning occurs (Lund-
et al. 1969, Peterson and Pickett 2000). Once established, gren 1981, Woods and Penner 2000). Many ofthese same fac-
however, the relatively low understory PPFD hindered the devel- tors have a strong influence on the diversity, abundance, and
opment of nattn'al regeneration except in microsites located with- development of uuderstory vegetation in red pine plantations
in small canopy openings. (Rudolph et al. 1984, Dickmann et al. 1987,Bender et al. 1997),

The distance between the plantation and sources of propag- The results of our study suggest that "early" thinning of red pine
ules also limited colonization of the understory as indicated by plantations can help to produce high-value timber and enhance
the positive relationship between species richness and the artificial and natural regeneration of native tree species.
number of edges of individual treatment plots. Migration of wind- Thinning red pine plantations to maintain aresidual basal area
dispersed tree species from neighbouring plant communities of 25-30 mzha-l is recommended in Ontario and the Lake States
was pmbably confined to within 20-30 m of the parent tree (LeP- formaximum volume production (Lundgren1981, Rudolph et al.
age et al. 2000). The relatively high frequency of Prunus, oak, 1984, Smith and Woods 1997). However, where conversion
Comus, Rhamnus, and Rubus in the understory suggests that is the primary objective and the merchantability of first
anthualsplayed an importantrole in themigr0fionof woedy spedes removal is not a concern, thinning can be heavier and begin ear-
at our study site. Only natural regeneration of red pine was rel- lier, i.e., after crown closure. A residual basal area of 16-21 m2
atively abundant, due to seed from the overstory in large ha-I may be a reasonable compromise betweentimber production
enough amounts to colonize mineral soil patches and to over- and improved understory development (Dickmann et al. 1987,
come the low receptivity of the litter layer (Ribbens et al. 1994, Bender et al. 1997). This objective can be achieved using a
Reader et al. 1995). combination of underplanting and/or scarification, row removal,

Limited delivery of pmpagules, particularlyby woodland herbs, selection thinning, and canopy gap creation. Row removal is
to microsites of low receptivity greatly delayed understory an appropriate method for initial thinning as it permits access
colonization (i.e., low fiequency and abundance) by desirable for future thinning and accommodates selective removal of addi-
herbaceous species. Immigration of these species occurs infre- tional trees. Where windthrow is not a concern, double row
quently due to their low reproductive output and poor adaptation removal and selection in the remaining three rows can be
for long-distunce seed dispersal (Matlack1994, Caln et aL1998 ). considered.
Once established, these species exhibit gradual expansion Alternatively, fourth row removal can be used in combination
and infdl by clonal spread and seeds (Matlack 1994, Meier et al. with selective thinning and canopy gap creation to promote
1995). These life history characteristics render these species succession and improve the quality of residual red pine. How-
susceptible to competition from exotic and ruderal species bet- ever, to reduce windthrow risk, no more than 25% of the
ter adapted for aggressive colonization following disturbance, remaining area should be placed in canopy gaps in the first thin-

Species richness of herbs, grasses, and sedges was higher at ning, and gaps should be linked to the cleared rows for access.
greater thinning intensities but lower diversity was evident in Where possible, these openings should be located in areas where
the older plantation. These species are favoured by the improved growth and condition of canopy trees ispoor. Gap diameters of
lightand soil moistLueconditions of canopygaps, but they decrease 50-100% of the height of the overstory are closer to the optimum
in frequency with time after disturbance as woody species begin size for canopy recruitment of mid-tolerant tree species (Hibbs
to dominate the understory (Anderson et al. 1969, Moore and 1982a,b; Coates 2000). Where gap thinning ispreferred, desir-
Vankat 1986, 'Ihomas et aL 1999). Conversely, cryptogarn rich- able, mid-tolerant species mixtures can be planted with 1-2 m
hess was higher in the sheltered understory microenviron- spacing, primarily within gaps for maximum growth. Natural
ments of the CN plots. Most of the plant species unique to this regeneration can be encouraged by scarifying to expose rain-
treatment were bryophytes. Many of these forest mesophytes eral soil. Where nearby seed sources are limited, a combina-
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tion of scarifying and underplanting may be needed to promote Bell, F.W. and S.G Newmaster. 1998. Fallingsnow Ecosystem
the establishment of desirable species. Project: Floral richness, abundance and diversity, b_ R.G. Wagner and

Further thinning should occur when stand density approach- D.G. Thompson (comps.). Phird International Forest Vegetation
es the nrortality initiation line of density maangentent diagrams Management Conference: Forest Vegetation Management and Ecosys-

tem Sustainability--Popular Sumularies. pp. 45-47, Ont. Min. Nat.
(about every l0 years) (Smith and Woods 1997). This thinning Resour., Ont. For. Res. Inst., For. Res. inf. Pap. No. 141.
should improve spacing and quality of the residual trees, Sault Ste. Marie, ON.
while creating additional, larger canopy gaps to promote nat- Bender, LC., D.L. Minnls and J.B. Hanfer. 1997. Wildlife response
ural regeneration. After two to ttuee thi_mings, or when red pine to thinning red pine. N. J. Appl. For. 14:141-146.
has reached rotation age, management efforts should focus on Borczan, E.I,. 1986.Evergreen Challenge: The Agreement Forest Story.
removing valuable, mature individuals and releasing advance Ont. Min. Natur. Reanur., Toronto, ON. 60 p.
reproduction. Cain, M.L, It. Damman and A. Muir. 1998. Seed dispersal and the

Management of conifer plantations should be tailored to Holocene migration of woodland herbs. Ecol. Monogr. 68: 325-347.

promote non-timber values as well, particularly in heavily devel- Canham, C.D., J.S. Denslow, W.J. Platt, J.R. Runkle, T.A. Spies
oped, fragmented landscapes with few woodlands remain- and P.S. White. 1999. Light regimes beneath closed canopies and tree-
ing. Early thinning to a lower residual density than recommended fall gaps in temperate and tropical forests. Can. J. For. Res. 20:620-63 I.

for maximum volume production will promote understory Coates, K.D. 2000. Conifer seedling response to northern temperate
succession of woody and herbaceous phmt species, increase the forest gaps. For. Ecol. Manage. 127: 249-269.
floral diversity of the plantation, and improve the visual Coates, K.D.and P.J.Burton. 1997. Agap-basedapproachfordevel-
appearance of these spatially symmetric monocultures (Dick- opment of silvicultural systems to address ecosystem management objec-
mann et al. 1997). Special efforts should be made to limit the tives. For. Ecol. Manage. 99: 337-354.

ingress and growth of exotic species. Subsequent thinning should Conneil, J.H. 1989. Some processes affecting the species composi-
not remove all the remaining canopy trees for timber. Reten- tion in forest gaps. Ecology 70: 560-562.
tion of large red pine trees at variable spacing will increase the Delcourt, H.R. and P.A. Deleourt. 2000. Eastern deciduous forests.

structural complexity of stands, promote biodiversity, improve In M.G. Barbour and W.D. Billings (eds.). North American Terres-
trial Vegetation, Second Ed. pp. 358-395. Cambridge University Press,

wildlife habitat, and create a more aesthetically pleasing for- Edinburgh, UK.
est setting for recreational and educational use (Hansen et al. Dey, D.C. and W.C. Parker. 1996. Regeueration of red oak
1991, Bender et al. 1997, Hayes et al. 1997). (Quercus rubra L.) using shelterwood systems: ecophysiology, sil-

viculture and management recommendafons. Ont. Min. Nat. Resour.,
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Appendix 1. Percent cover (%), frequency of occurrence (F), and species rarity ranking (SR) of understory vegetation by thinning treatment. SR:
St, extremely rare; $2, veryrare; S3, uncommon; $4, common; S5, very common; SE, exotic (Newmaster et al. 1998)

Thinning treatment

CN 1R SLT 2R G1 G2 CN2

Species % F % F % F % F % F % F % F SR
Trees > 10m
Pinus resinosa 75 1.00 65 1.00 65 1.00 75 1.00 65 1.00 60 1.00 75 1.00 $5
A_r rubrum 15 0.20 $5
Pinus strobus 10 0.20 $5

Trees < 10m
Pinusresbtosa <1 1.00 <l 1.00 <1 1.00 <1 1.00 <1 1.00 <l 1.00 2 1.00 $5
Populusgrandidentata 2 025 <1 0.25 <1 0.13 <1 0.13 <1 0.31 <1 1.00 4 0.19 $5
Pinusstrobus <1 1.00 <1 1.00 <1 0.50 <1 1.00 <1 1.00 <1 1.00 2 0.50 $5
Quercusrubra <1 1.00 <1 1.00 <1 1.00 <1 0.50 <1 1.00 <1 1.00 2 0.75 $5
Acernegundo <1 0.50 <1 0.06 <1 0.06 <1 0.06 <l 0.13 <1 0.13 1 0.25 $5
Fraxinusamericana <l 0.50 <1 1.00 <1 0.50 <1 1.00 <1 0.94 <1 1.00 2 0.25 $5
Populusalba <1 0.50 <1 0.06 <1 0.50 <l 0.06 <1 0.44 <1 0.06 SE
Abiesbalsamea <1 0.13 2 0.19 $5
Acerrubrum <1 0.13 2 0.50 $5
Acersaccharum <1 0.06 <1 0.44 <1 0.50 <l 0.25 <1 0.31 <1 1.00 1 0.75 $5
FagusgrandiJblia <1 0.06 <1 0.50 2 0.50 $5
Piceaglauca <1 0.06 2 0.13 $5
Pinusbanksiana <1 0.38 <1 0.19 <1 1.00 2 0.50 $5
Populustremuloides <1 0.06 <1 0.44 <1 0.44 <l 1.00 2 0.25 $5
Prunusserotina <1 0.06 <1 0.25 3 0.25 <1 0.38 1 0.50 $5
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Thinning treatment

CN 1R SLT 2R GI G2 CN2

% F % F % F % F % F % F % F SR

Shrubs and vines
Rhamnus cathartiea <1 0.50 <1 0.75 <1 0,75 <1 0.50 <1 0.50 <1 1.00 4 0.50 SE
Rubusidaeus <[ 0.50 1 0.56 <1 0.75 1 0.13 1 0.94 5 0.25 $5
Sambucusracemosa <1 0.50 <1 0,56 <1 0.44 <1 1.00 2 0.31 $5
Lonicera hirsuta <1 0.25 $5
Rhusradicans <1 0.25 2 0.13 $5
Viburnum cassinoides <1 0.25 <1 0.50 $5

Vitis riparia <1 0.19 <1 0.94 <1 0.69 <1 0.38 <1 0.81 $5
Clematis virginiana <1 0.06 <1 0.25 <i 0.13 <1 1.00 $5
Comptonioperegrina <1 0.06 <1 0.06 <1 0.06 $5
Cormtsalternifolia <1 0.06 <1 0,06 <1 0.06 <1 0.06 <1 0.06 <1 0.06 1 0.25 $5
Coryhls cornuta 2 0.25 $5
CornusstoloniJ_ra 2 0.19 $5
Dietwilla lonicera 1 0,25 $5

Epigaea repens < 1 0.44 $5
Linnea borealis < 1 0. [3 $5
Lonicera canadensis 2 1.00 $5

Mitchella repens < 1 0.56 $5
Prunuspennsylwmiea <1 0.13 <1 0.56 <1 0.25 <1 0.31 <1 1.00 1 0.25 $5
Prunus virginiana < 1 0.06 1 0.75 85
Rosa acicularis <1 0.25 $5

Rubus alleghaniensis 4 0.25 $5
Sorbusamericana <l 0.06 <1 0.56 <1 0.31 <1 1.(30 $5

Viburnum acerijbrm <1 0.75 $5
Viburnum trilobum < l 0.25 $5

Sedges and grasses
Carexarctata <1 0.25 <1 0.13 <1 0.38 <1 0.81 <1 0.63 $5
Carexcommunis <1 0.06 <1 0.44 $5

Carexpedunculata <1 0.13 $5
Carexsp. <1 0.19 <1 0.13 <1 0.3l <1 0.63 <1 0.13 $5
Deschampsiaflexuosa <1 0.75 2 0.19 <1 0.69 2 0.06 2 0.25 2 0.88 2 0.13 $5
D_mthoniaspicata <1 0.38 <1 0.25 <1 0.75 <1 0.06 <1 0.60 <1 0.75 <1 0.50 $5
OryzopisasperiJbIia <1 0.31 <1 0.19 <1 0.75 <1 0.06 <1 0.44 <1 1.00 1 0.31 $5
Deschampsia cespitosa < 1 0.25 $5
Agrostisgigantea <1 0.06 <1 0.25 <1 0.06 <1 0.06 <1 0.06 <1 0.81 <1 0.25 SE
Bromussp. <1 0.06 <1 0.31 <1 0.06 <1 0.06 <1 0.44 <1 0.75 <1 0.13
Agrostisscabra <1 0.13 <1 0.44 <1 0.06 <1 0.44 <1 0.63 <1 0.31 $5
Brachyelytrumerectum <1 0.13 $5
Cinna latq'olia <1 0.31 $5

Herbs

Tara_acumoflicinale <1 0.56 <1 0.19 <1 0,38 <1 0.13 <1 0.81 <l 0.75 <1 0.19 SE
Hypericumperforatum <i 0.44 <1 0.25 <1 0.69 <1 0.06 <I 0.81 <1 0.63 SE
Trifoliumhybridum <1 0.38 <1 0.06 <1 0.3I <1 0.56 <1 0.31 <1 0.19 SE
Polygvnatumpubescens <1 0,31 <1 0.19 <1 0.06 <1 0.50 <1 0.50 <1 0.63 $5
Asclepiassyrlaca <1 0.25 <1 0.25 <1 0.69 <1 0.06 <1 0.19 <1 0.38 <1 0.19 $5
Epilobiumangustifolium <1 0.25 <1 0.06 <1 0.75 <1 0.38 <1 0.19 <1 0.38 $5
Phloxpaniculata <1 0.25 <1 0.38 <1 0.38 <l 0.19 SE
Rumexacetoaella <1 0.25 <1 0.19 SE

Barbareavulgaris <1 0.19 SE
Cynanchum nigrum <1 0.19 <1 0.25 <1 0.19 <1 0.44 <1 0.63 SE
Hieraciumaurantiacum <1 0.19 SE

Medicagolupulina <1 0.19 <1 0.19 <1 0,38 <1 0,19 <1 0.13 SE
Silenevulgaris <1 0.19 <1 0.31 <1 0,50 <1 0.31 SE
Solidago canadensis <1 0.19 <1 0.25 <1 0.13 <1 0.25 <1 0.50 $5
Solidagosp. <l 0.19 <1 0,44 <1 0.13 <1 0.50 <1 0.63
Tragopogonpratensis <1 0.19 <1 0.25 <1 0.06 <1 0.19 <1 0.44 SE
Verbascumthapsus <1 0.19 <1 0.25 <1 0.13 <1 0.56 <1 0.69 <1 0.19 SE
Maianthemumeanadense <1 0.13 <1 0.19 <1 0.69 <l 0.44 <1 0.44 <1 0.56 3 0.25 $5

Pyrolaelliptica <1 0.13 <1 0.06 <l 0.13 <1 0.06 <1 0.19 <l 0.19 <1 0.38 $5
Solanumdulcamara <1 0.13 1 0.13 1 0.06 1 0.06 I 0.31 1 0.50 1 0.19 SE

Solidagogigantea <1 0,13 $5
Actaeapachypoda <1 0.06 <1 0.44 <l 0.56 <] 0.06 <1 0.19 $5
Arctium minus <1 0.06 <1 0.50 <l 0.50 <1 0.25 SE

Fragariasp. <1 0.06 <I 0.19 <1 0.13
Leonurus cardiaca <1 0.06 SE
Oenothera biennis <1 0.06 <1 0.19 <1 0.25 < 0.38 <1 0.19 $5
Phloasubulata <1 0.06 <1 0.31 <1 0.06 <l 0,31 <] 0.56 SE
Urticadioica <1 0.06 <1 0.19 <1 0.06 <1 0.38 < 0.31 <1 0.13 SE

Achilleamillefolium <1 0.13 $5
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Thinning treatment

CN 1R SLT 2R GI G2 CN2

% F % F % F % F % F % F % F SR

Herbs (cont.)
Actaea rubra < 1 0.19 $5

Amaranthus retroflexus < l 0.25 SE
Anaphalus margaritacea < 1 0.19 $5
Anemonevirginiana <l 0.06 <1 0.25 <! 0.25 $5
Apocynumandrosaemifolium <1 0.13 $5
Aquilegia canadensis < 1 0.19 $5
Aralia nudicaulis 1 0.19 $5
Artemesia biennis < 1 0.19 SE

Capsella bursa-pastoris < 1 0.19 SE
Centaurea maculosa <1 0.19 SE

Chenopodium album < i 0.25 SE
Cir_iumarvense <1 0.06 <1 0.19 <1 0.44 <1 0.19 <1 0.75 <l 0.25 SE

Cirsium sp. < 1 0.25 < 1 0.44 < 1 0.06
Clintoniaborealis <1 0.13 $5

Conyza canadensis < 1 0.19 $5
Comus canadensis < 1 0,25 $5
Daucus carota <1 0.06 <1 0.38 <1 0.06 <1 0.38 <1 0.38 SE

Echium vulgare <1 0.19 <1 0.13 SE
Erigeronphiladelphicus <1 0.i9 $5
Fragaria vesca < 1 0.l 9 $5
Fragaria virginiana <1 0.50 < 1 0.38 SE
Galium triflorum <1 0.38 <1 0.25 $5
Geraniumbicknelli <1 0.19 $4
Heucheraamericana <1 0.19 $2

Hieraciumpraealtum <1 0,06 <1 0.56 <1 0,25 <1 0.25 <1 0.19 <1 0.19 <1 0.13 SE
Matricariamatricarioides <1 0.19 SE

Medicago sativa <1 0.25 SE
Melilotusalba <1 0.25 SE

Plantagomajor <1 0.19 <1 0.19 <1 0.13 SE
Potentillarecta <1 0,13 <1 0.19 <1 0.38 <1 0.31 <1 0.19 $5
Rudbeckiahirta <1 0.25 <1 0.44 <1 0.13 <1 0.19 <1 0.50 $5
Saniculamarilandica <1 0.19 $5
Sonchus arvensis < 1 0.19 SE
Stellariamedia <1 0.19 SE

Streptopus roseus < 1 0.50 $5
Tragopogonporrifolius <1 0.19 SE
Trientalis borealis 2 0.63 $5

Veronicaofl_cinalis <1 0.06 <1 0.44 <1 0.06 <1 0.13 <1 0.38 <1 0.25 SE
Viola sp. <1 0.50
Waldsteiniafragarioides <1 0.06 $5

Pteridophytes
Equisetumhyemale <I 0.25 <1 0.19 <1 0.50 <1 0.19 <1 0.50 <1 0,63 <1 0.25 $5
Equisetumsylvaticum <1 0.25 <1 0.13 <1 OA9 <1 0,38 <1 0.56 <1 0.13 $5
Athyriumfilix-femina <1 0,13 <1 0.31 <1 0.19 <1 0.44 <l 0.63 <1 0.13 $5
Dryopteriscarthusiana <1 0.13 <1 0,25 <1 0.13 <1 0.25 <1 0.50 1 0.63 $5
Dryopteris intermedia < 1 0.81 $5
Dryopteris marginalis < 1 0.63 $5
Onocleasensibilis <l 0.31 <1 0.19 <1 0.31 <1 0.44 $5

Pteridiumaquilinum <l 0.13 <1 0.19 <1 0.19 <1 0.25 <1 0.81 2 0.13 $5

Bryophytes
Brachytheciumsalebrosum <] 0.94 <1 0.31 <1 0.50 <i 0.25 <1 1.00 <l [.00 <1 0.75 85
Polytrichumcommune <l 0.50 <1 0.31 <1 0.75 <l 0.63 <1 0.50 $5
Ceratodonpurpureus <1 0.38 <1 0.19 < 0.50 <1 0.06 <1 0.63 <1 0.8l 85
Pleurozlumschreberi <l 0.38 <1 0.25 <1 0.50 <I 0.06 <1 0.63 <l 0.69 2 0.19 $5
Pohlianutans <1 0.25 <1 0.31 <1 0.25 <1 0.63 85

Plagiotheciumlaetum <1 0.19 <1 0.19 $5
Polytrichumjunipermum <l 0.19 <1 0.13 <1 0.56 <1 0,63 <1 0.50 $5
Brachytheciumoedipodium <l 0.06 <I 0.38 <1 0.38 <1 0.81 <1 0.94 <1 0.56 85
Brachythecium reflexum <l 0.06 < 1 0,56 $4
Callicladiumhaldanianum <l 0.06 <1 0.19 <1 0.81 <1 0.63 <1 0.69 85
Climaciumdendroides <1 0.06 <1 0.19 $5

Dicranumflagellare <l 0.06 <i 0.56 $5
Dicranumfuscescens <1 0.06 <1 0.31 $5
Dieranum montanutr < 0.06 < 1 0.69 $5

Dicranumpolyse_um <1 0.06 <I 0.50 4 0.13 $5
Dicranumscopanum <l 0.06 <1 0.44 <1 0.19 $5
Euryhchiumpulchellum <1 0.06 <1 0.31 $5
Hedwigia ciliata <1 0.06 _5
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Thinning treatment

CN IR SLT 2R G1 G2 CN2

% F % F % F % F % F % F % F SR

Bryophytes (cont.)
Hyclomium splendens < I 0.06 < 1 0.06 $5
Hylmumpallescens <1 0.31 <1 0.31 $4
Leucobryum glaucum < 1 O_13 $5
Mnium spinulosum <l 0.63 $5
Plagiomnium medium <1 0.06 <l 0.19 $5
Polytrichum¢brmosum <1 0,13 83
Ptilidiumciliare <1 0.13 $5
Ptilium crista castrensis < 1 0.50 $5

Ptilidiumpulcherrimum <1 0.19 <1 0.06 <1 0.56 <1 0.56 <1 0.94 $5
Rhytidiadelphustriquetrus <1 0.19 <1 0.31 <1 0.06 <1 0.50 <1 0.56 <1 0.25 $5
Sanionia uncinata <1 0.06 <1 0.50 <1 0.63 <1 0.63 <1 0.69 $5

Tetraphispellucida <1 0.19 <1 0.06 <1 0.06 <1 0.38 <1 0.63 <1 0.50 $5
Thuidiumdelicatulum <1 0.19 <1 0.06 <1 0.06 <1 0.50 <1 0.88 <1 0.13 $5

Lichens
Cladoniaconiocraea <1 0.06 <1 0.13 <I 0.i3 <1 0.50 <1 0,75 <1 0.81 $5
Cladoniacristatella <1 0.06 <1 0.31 $5

Peltigeracanina <1 0.06 <1 0.19 $5
Hypogymniaphysodes <1 0.13 $5
Parmeliasulcata <1 0.13 $5

lcmadophila sp. <1 0.06 $4
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